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In this study, we investigate the antimicrobial effects of a mixture of a biosurfactant from Bacillus subtilis 
and an alkaline lipase from Fusarium oxysporum (AL/BS mix) on several types of microorganisms, as well 
as their abilities to remove Listeria innocua ATCC 33093 biofilm from stainless steel coupons. The AL/BS 
mix had a surface tension of around 30 mN.m-1, indicating that the presence of alkaline lipase did not 
interfere in the surface activity properties of the tensoactive component. The antimicrobial activity of the 
AL/BS mix was determined by minimum inhibitory concentration (MIC) micro-assays. Among all the tested 
organisms, the presence of the mixture only affected the growth of B. subtilis CCT 2576, B. cereus ATCC 
10876 and L. innocua. The most sensitive microorganism was B. cereus (MIC 0.013 mg.mL-1). In addition, 
the effect of the sanitizer against L. innocua attached to stainless steel coupons was determined by plate 
count after vortexing. The results showed that the presence of the AL/BS mix improved the removal of 
adhered cells relative to treatment done without the sanitizer, reducing the count of viable cells by 1.72 log 
CFU.cm-2. However, there was no significant difference between the sanitizers tested and an SDS detergent 
standard (p<0.05). 
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Microbial compounds that exhibit pronounced surface and 
emulsifying activities are classified as biosurfactants. They 
have primarily been used for environmental applications 
because of their diversity, environment-friendly nature, 
suitability for large-scale production and selectivity. Despite 
their potential and their biological origin, only a few studies 
have been carried out on their possible applications in 
biomedical fields. Some biosurfactants are suitable alternatives 
to synthetic medicines and antimicrobial agents, and they may 
be used as safe and effective therapeutic agents (21). 
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Many authors have already described antibiotic effects 
associated with biosurfactants. The antimicrobial properties of 
lichenysin A, a lipopeptide biosurfactant obtained from 
Bacillus licheniformis BAS50, were reported by Yakimov et al. 
(1995) (26). Recently, the effectiveness of a cyclic lipopeptide 
obtained from B. licheniformis 603 against diverse 
microorganisms has also been reported. It mainly inhibits the 
growth of Corynebacterium variabilis and Acinetobacter sp. 
(4). An isolated strain of Pseudomonas aeruginosa LB1 
produces a biosurfactant with high antimicrobial activity 
against the bacteria B. subtilis, Staphylococcus aureus, Proteus 
vulgaris, Streptococcus faecalis and Pseudomonas aeruginosa, 
and also against the phytopathogenic fungi Penicillium sp., 
Alternaria sp., Gliocadium virens and Chaetonium globosum 
(5). 
One report refers to surfactin, which is produced by 
Bacillus subtilis, as the first and most well-known member of 
the biosurfactant lipopeptides (2). The potential activities of 
surfactin include antibiotic and membrane effects (6), the 
ability to disturb lipid monolayers and affect biological 
membranes (12), altering the integrity of the lipid membrane 
with the formation of ion channels (7) and causing leakage and 
lysis of lipid membranes (14). The potential of some kinds of 
lipopeptides to alter surface tension or show antimicrobial 
activity is directly linked to their molecular structure (5, 11). 
Surfactin produced by B. subtilis LB5a in cassava wastewater 
has been reported to have antimicrobial activity, and it was 
found that all the bacteria tested were susceptible to 
lipopeptides. P. aeruginosa was the Gram-negative bacterium 
most sensitive to the product, and among the Gram-positive 
bacteria were Micrococcus luteus and B. cereus (17). Later, 
tests showed the antibacterial effect of surfactin from B. 
subtilis LB5a against many microorganisms, including the 
following: S. aureus, Salmonella choleraesuis, P. aeruginosa, 
Escherichia coli and B. cereus. For microorganisms such as E. 
faecium and M. luteus, the MIC values were lower than 1 
mg.mL-1 (9). 
A considerable number of bacteria are capable of 
attaching themselves to processing surfaces used in the food 
industry. These surfaces include stainless steel, glass, cast iron, 
polypropylene and formica. This attachment can start the 
processes of growth, adherence and biofilm formation. 
Microbial biofilms on contact surfaces can lead to 
contamination with undesirable microorganisms, resulting in 
food spoilage and transmission of disease (1).  Listeria sp. is 
able to grow at refrigeration temperatures as low as −1.5°C, in 
environments with reduced water, in salt concentrations up to 
30% and at pH values below 5.0. These characteristics 
contribute to its survival under conditions usually used to 
control the growth of pathogens in food (24). Thus, in food 
processing plants, it is often considered to be an important 
source of recontamination of foodstuffs and surfaces, 
especially when this microorganism is present as a biofilm (8). 
Many reports about the removal of microbial 
adhesions/biofilms from stainless steel surfaces using chemical 
treatments have been published (1, 8, 23). 
Despite the elucidation of various properties of surfactin 
in the 1960s, it was only in the 1980s that researchers devoted 
attention to finding an attractive alternative to synthetic 
surfactants, which may show marked toxicity and can cause 
significant environmental pollution (10). 
The objective of this work was to investigate the effects of 
novel mixtures of the biosurfactant from Bacillus subtilis and 
alkaline lipase from F. oxysporum on the growth of various 
microorganisms in liquid medium using minimum inhibitory 
concentration (MIC) assays; furthermore, their efficacy at 
removing L. innocua biofilms from stainless steel surfaces was 
assessed.  
 
MATERIALS AND METHODS 
 
Biosurfactant (BS) production 
B. subtilis from Biochemistry Laboratory Culture 
Collection (FEA, Unicamp, Brazil) was inoculated in cassava 
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wastewater in a Mobile Pilot Plant Fermentor MP 80 (New 
Brunswick, Edison, NJ, USA). Fermentation was carried out 
according to the following parameters: temperature 35°C, 
agitation 150 rpm and 15 L.h-1 of aeration (0.38 vvm) during 
the first 12 h, followed by 25 L.h-1 (0.63 vvm) for the rest of 
the process. A sterile silicon tube was connected to the top of 
the bioreactor to recover the biosurfactant by withdrawing the 
foam produced during the process. After this, the liquefied 
foam collected was submitted to organic solvent treatment for 
biosurfactant extraction and purification steps (3). 
 
Determination of surface tension activity 
Measurement of the surface tension (ST) of biosurfactant 
solutions was carried out in a K-12 tensiometer (Krüss 
Processor Tensiometer, Hamburg, Germany) using the 
Whilhelmy plate method under the following conditions: plate 
dimensions of 40 × 19.9 × 0.1 mm and 10 mL of sample at 
room temperature, ~ 20°C (3, 17). 
 
Critical micelle dilution (CMD) measurement 
CMD-1 and CMD-2 were determined by measuring the 
surface tension of biosurfactant diluted in distilled water 10-
fold and 100-fold, respectively (3, 15). 
 
Alkaline lipase (AL) production 
F. oxysporum was cultivated for 96 h at 30°C on YMA 
medium containing (g.L-1): peptone 5.0, glucose 10.0, malt 
extract 3.0, yeast extract 3.0, and agar 20.0. One 2-cm2 piece 
from this culture was transferred to a 250 mL-Erlenmeyer flask 
with 20 mL of liquid medium containing (g.L-1): olive oil 10.0, 
peptone 15.0, yeast extract 5.0, K2HPO4 3.0, and MgSO4.7H2O 
0.4, pH 6.0. It was then homogenized with a T18 basic ultra-
turrax homogenizer (IKA® Works, Inc., Wilmington, USA) 
and incubated at 30°C, 160 rpm for 24 h. For lipase production, 
1 mL of this pre-inoculum was transferred to 50 mL of fresh 
medium and incubated for an additional 96 h under the same 
conditions. The fermented medium was chilled, fractionated 
with ammonium sulfate and centrifuged at 9,500 × g (J2-21, 
Beckman Centrifuge, USA). Then, the freeze-dried extract was 
prepared after dialyzing against distilled water (20).  
 
Alkaline lipase/biosurfactant mixture (AL/BS mix) 
preparation 
The lyophilized lipase was dissolved in 50 mmol.L-1 Tris-
HCl pH 8.0 buffer and filtered through an 0.22-µm membrane 
filter (Millex GV 33 mm, Millipore, Ireland). The powdered 
biosurfactant was dissolved in distilled water and autoclaved at 
121°C for 15 min. Mixtures (AL/BS mix) using both 
compounds at different concentrations were made under sterile 
conditions and had the surface activity measured as described 
above. These stock solutions were kept in sterile glass vials for 
the subsequent assays. 
 
Microorganism strains for antimicrobial assays 
The tests organisms Escherichia coli CCT 0547, 
Pseudomonas aeruginosa ATCC 13388, Bacillus subtilis CCT 
2576, Staphylococcus aureus CCT 2740, Micrococcus luteus 
CCT 2692, Rhodococcus equii CCT 0541, Salmonella 
choleraesuis CCT 4296 and Candida albicans ATCC 10231 
were obtained from Culture Collections of the Microbiology 
Laboratory at CPQBA (Unicamp, Brazil). Serratia marcescens 
CCT 0710 and Bacillus cereus ATCC 10876 were from André 
Tosello Foundation (Campinas, Brazil), and Listeria innocua 




Microorganisms test strains were cultured in slant nutrient 
agar, brain heart infusion (BHI) or Sabouraud 4% dextrose agar 
(all Merck®) at 37 °C for 24 h. One loop from each 
microorganism was transferred to 4 mL of 0.9% saline 
solution. Two milliliters were taken out for optical density 
adjustment using a spectrophotometer (UV-VIS Mini 1240, 
Shimadzu, Tokyo, Japan) to between 0.08 to 0.1 Abs at 625 m 
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(108 CFU.mL-1, according to McFarland turbidity standards). 
Afterwards, dilutions were made down to 105 CFU.mL-1 using 
Mueller-Hinton Broth medium (MHB) for bacteria, except for 
L. innocua for which BHI broth was used. In the case of C. 
albicans, the medium was RPMI 1640 (Cultilab). 
 
Minimum inhibitory concentration (MIC) tests 
MIC is the minimum concentration of an antimicrobial 
compound at which it inhibits the growth of microorganisms. 
One-hundred microliters of inoculum was inoculated into 96-
well microtiter plates containing serially diluted AL/BS mix in 
MHB, RPMI or BHI medium. The tests were performed 
simultaneously on negative controls (only medium), growth 
controls (medium + test organism) and sterility controls 
(medium + AL/BS mix). Plates were incubated under normal 
atmospheric conditions at 37°C for 24 h. Twenty-five 
microliters of 0.1% 2,3,5-triphenyltetrazolium chloride 
(Merck®) was inoculated onto bacteria plates and incubated in 
the same conditions for 3 h. The intensity of the red color 
indicates the growth of organism. For C. albicans, the color 
change of RPMI 1640 medium from pink to yellow indicates 
the growth of the yeast (25). 
 
Effect of the AL/BS mix on L. innocua biofilms 
The surface used was AISI 304 stainless steel with a total 
surface area of 1 cm2 vigorously washed by brushing. After 
three rinses in 100 mL of distilled water and cleaning by 
immersion in hexane, the coupons were placed into Petri dishes 
and autoclaved at 121°C for 15 min (18). The biofilm was 
prepared by submerging the sterile coupons into microtiter 
plates with 0.3 mL of previously prepared L. innocua inoculum 
and 2.7 mL of BHI medium at 103 UFC.ml-1 and incubating at 
30°C for 24 h. A control was carried out with 3 mL of culture 
medium (19). Then, the coupons were rinsed with 10 mL of 
sterile PBS (g.L-1 of distilled water: NaCl 7.65, anhydrous 
Na2HPO4 0.724, KH2PO4 0.21, pH 7.4) to eliminate the 
unattached cells and placed into tubes containing 5 mL of 2 
mg.mL-1 BS or AL/BS mix (2 mg.mL-1 each) for 10 min at 30 
± 2°C. Then, the coupons were rinsed again with 10 mL of 
PBS for 1 min to eliminate the excess product, transferred to 5 
mL of new PBS and vortexed for 2 min to release sessile cells 
from the coupons. To measure viable cells, 1 mL of suspension 
of sessile cells was serially diluted with peptone water and 
cultured on a BHI agar plate at 30°C for 24 h (16). A control 
group was performed using distilled water instead of the 
product. The results were expressed as the logarithm (log 
CFU.cm2) of the cells remaining on the coupons. 
 
Statistical analysis 
The mean value and respective standard error for each 
replicate were calculated by the software Microsoft® Excel 
2000. The Tukey test was performed using the software SAS® 
System for Windows (SAS Institute Inc. Release 8.02 TS Level 
02M0) and using a p-value of 5%. 
 
RESULTS AND DISCUSSION 
 
Biosurfactant stability  
Table 1 shows the effect of alkaline lipase on the surface 
activity of the AL/BS mix. The stability of the microbial 
surfactant can be seen in all the treatments with different 
concentrations of lipase, and it is confirmed by ST values 
around 30 mN.m-1, in accordance with previously related data 
(3, 17). 
Regardless of the lipase to biosurfactant ratio, the CMD-1 
and CMD-2 values were the same as those of the control group 
with only BS present. The data reaffirm the fact that the 
biosurfactant from B. subtilis is resistant to treatment with 
enzymes, as was demonstrated in a previous study (9). 
 
Minimum inhibitory concentration (MIC) 
The results of antimicrobial activity assays in which BS 
and the AL/BS mix were tested against several microorganisms 
are shown in Table 2. Among the Gram-positive bacteria, only 
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B. subtilis, B. cereus and L. innocua had their growth affected 
by the presence of the biosurfactant. In the case of B. subtilis, 
the presence of alkaline lipase decreased the MIC value 
relative to the biosurfactant alone from 1.75 to 0.75 - 1.0 
mg.mL-1. The most sensitive bacterium was B. cereus (0.013 
mg.mL-1), but with the presence of lipase in the concentrations 
of 1:1 and 0.5:1, the MIC increased to 0.026 mg.mL-1. The 
presence of lipase does not appear to have influenced the action 
of the biosurfactant on L. innocua (MIC 1.75 – 2.0 mg.mL-1).  
These data show that the efficacy of the AL/BS mix treatment 
was significantly lower than that of standard antibiotics 
previously described in the literature. For example, the values 
for chloramphenicol against B. subtilis and B. cereus are 4.0 
and 2.0 ug.mL-1, respectively (9). However, it must be 
considered that the purification grade of the biosurfactant and 
enzymatic extract are lower than the grade of a standard 
antibiotic. This fact probably contributed to higher MIC values 
of the AL/BS mixture. Gram-negative bacteria were not 
susceptible to treatment with BS or the AL/BS mix, nor was 
the yeast C. albicans. 
 
Table 1. Effect of different alkaline lipase concentrations on biosurfactant surface activity. 





Control ----- 30.51 31.90 38.91 
 4:1 29.85 31.42 38.31 
 2:1 29.76 31.62 37.54 
AL/BS mix 1:1 29.90 31.56 38.16 
 0.5:1 30.00 31.87 38.22 
 0.25:1 29.45 31.19 37.89 
Control: lipase-free assay, AL/BS mix: alkaline lipase from F. oxysporum 152B and biosurfactant from B. 
subtilis LB5a mixture. The BS concentration for ST (superficial tension) was 1 mg.mL-1. The ST, CMD-1 and 
CMD-2 (critical micelle dilution) values have standard deviations from ten measurements  0.2. 
 
 
Table 2. Minimum inhibitory concentrations (MICs) of the AL/BS mix (mg.mL-1) 
AL/BS mixture Microorganism BS 4:1 2:1 1:1 0.5:1 0.25:1 
Gram-negative Bacteria       
E. coli * * * * * * 
S. marcescens * * * * * * 
P. aeruginosa * * * * * * 
       
Gram-positive Bacteria       
B. subtilis 1.75 1.0 0.75 0.75 1.0 1.0 
S. aureus * * * * * * 
M. luteus * * * * * * 
B. cereus 0.013 0.013 0.013 0.026 0.026 0.013 
S. choterasuis * * * * * * 
L. innocua 2.0 2.0 2.0 1.75 2.0 1.75 
R. equii * * * * * * 
       
Yeast       
C. albicans * * * * * * 
(*) means > 5.0 mg.mL-1 of biosurfactant. (x:y) means the ratio between alkaline lipase and  biosurfactant. BS: biosurfactant from B. 
subtilis LB5a, AL/BS mix: alkaline lipase from F. oxysporum 152B and biosurfactant mixture. 
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The biological properties of lipopeptides have been widely 
reported, and since the 1960s biosurfactant activities have also 
been reported (2). The antibiotic activities of surfactin (Sigma) 
and lichenysin A from B. licheniformis BAS50 were compared 
and 15 µg of both surfactants was used. The lipopeptide 
lichenysin A inhibited the growth of most of the tested bacteria 
on nutrient agar plates, but the inhibition was less than that 
observed with surfactin (26). Another study compared the 
antimicrobial activity of B. subtilis LB5a lipopeptide purified 
by adsorption chromatography with that of commercial 
surfactin. The purified surfactant from strain LB5a was more 
effective on its own than commercial surfactin (200 µg) against 
all the tested microorganisms except for B. subtilis, which did 
not show susceptibility in the test. P. aeruginosa was the most 
sensitive bacterium, whereas E. coli, S. choleraesuis and S. 
marcescens were inhibited to a lesser degree. The lipopeptide 
also affected the growth of M. luteus and B. cereus (17). Next, 
the B. subtilis LB5a biosurfactant was tested against several 
microorganisms, including E. faecium and M. luteus, and these 
were inhibited at biosurfactant concentrations of 0.8 and 0.25 
mg.mL-1, respectively (9). A biosurfactant isolated from a 
marine strain of Bacillus circulans was tested for antimicrobial 
action using the agar disc diffusion method against several 
pathogenic and semi-pathogenic organisms. Using solvent-
extracted biosurfactant at a concentration of 1 mg.mL-1, the 
authors observed the susceptibility of both Gram-positive and 
Gram-negative organisms and  larger halos for M. flavus, B. 
pumilis and M. smegmatis (11). 
Results have shown that ion-conducting pores can be 
formed by surfactin in artificial lipid membranes. Those results 
demonstrated that surfactin produces selective cationic 
channels in lipid bi-layer membranes, and they suggest that at 
higher salt concentrations, a dimer is involved in the channel-
forming process (22). Another study reports that given its 
amphiphilic character, it is presumed that surfactin's biological 
activity is a direct consequence of its interaction with its target 
membrane and the resulting alterations in the bi-layer's 
properties. More specifically, it seems clear that these 
properties are primarily related to its ability to alter membrane 
integrity by establishing strong interactions with phospholipid 
membrane constituents. Studies on the molecular mechanisms 
of surfactin showed that the compound has the ability to alter 
membrane permeability, leading to the loss of the internal 
vesicular contents through local destabilization of lipid 
packing, or “pore” formation (7). 
There is good evidence that the membrane's barrier 
properties are damaged in areas where surfactin oligomers 
interact with the phospholipids at concentrations far below the 
onset of solubilization. This will cause structural fluctuations 
that may well be the primary mode of antibiotic action in 
addition to the other important biological effects of the 
lipopeptide. This type of peptide acts rapidly on membrane 
integrity rather than on other vital processes, and thus it might 
constitute the next generation of antibiotics (13). 
 
Effect of the AL/BS mix on the removal of L. innocua 
biofilm from stainless steel 
Table 3 shows the log of the number of L. innocua that 
remained on the stainless steel surface after 10 min of sanitizer 
exposure as determined by the plate count method after 
vortexing. Before the sanitizer solution treatment, the 
formation of L. innocua biofilms on the coupons was assessed. 
The number of L. innocua cells irreversibly attached was a 
function of incubation time, and it increased as the bacterial 
population increased in the BHI broth. After 24 h, the 
population reached 6.34 ± 0.10 log CFU.cm-2 and did not 
increase any further (data not shown). The final pH of the 
inoculum used for biofilm formation was 6.0. 
Significant differences (p <0.05) were not observed 
between BS and the AL/BS mix in the treatment of adhered 
cells. Compared with the positive control used in the tests, it 
was observed that BS and the AL/BS mix were as effective as 
SDS at removing cells from stainless steel plates (p<0.05), 
although smaller numbers of viable cells were obtained after 
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the treatment with SDS. On average, the presence of sanitizer 
solution decreased the number of bacteria remaining on the 
plates by 0.97 log (1.16 for SDS, 0.91 for BS and 0.84 for 
AL/BS mix log) relative to those without sanitizer treatment, 
indicating that the presence of alkaline lipase in the mixture did 
not influence the results. 
Several other studies have shown that many cells adhered 
onto a surface are not released by vortexing. Those cells are 
considered to be irreversibly attached. In this study, it was 
observed that the number of irreversibly attached cells 
increased with contact time as the number of cells in the BHI 
broth increased (1). 
 
Table 3. Number of L. innocua remaining on stainless steel 
plates after treatment with various sanitizer solutions. 
Treatment Log (CFU.cm-2) 
Control 6.74±0.24a 
Distilled water 5.86±0.29b 
BS 4.95±0.43c 
AL/BS mix 5.02±0.49c 
SDS 4.70±0.40c 
BS (biosurfactant from B. subtilis LB5a); AL/BS mix (alkaline lipase 
from F. oxysporum/biosurfactant mixture 1:1), SDS (sodium dodecyl 
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